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Summary 
This report provides an update of groundwater data and interpretation for each of the 10 
major hydrozones of the Central Agricultural Region (CAR). Thirty-three hydrographs 
representing 50 bores from 38 representative sites are used to illustrate typical trends.  
Additional hydrographs are also included that depict hydrogeological processes encountered 
in the region.  Previously established rising groundwater trends (Nulsen 1998) have been 
discussed with respect to groundwater responses and geographic locations.  In doing so, this 
report attempts to provide a longer term assessment of groundwater trends and general 
management implications of groundwater rise in each hydrozone. 
The initial method of hydrozone classification, although well considered, does not appear to 
be spatially tied to groundwater response.  Groundwater responses and processes are more 
readily differentiated when grouped into three broad zones: Internal Drainage (IDZ), 
Transitional Drainage (TDZ), and Active Drainage (ADZ). 
Sustained deep watertable rise is displayed across all zones and this is believed to be 
representative of overall groundwater trends in the region.  Where watertables are deep 
(>8 m below ground level) rates of rise are likely to continue unabated towards a 
groundwater equilibrium unless management changes or several years of dry weather occur.  
Rates of rise beneath hillslopes vary considerably, commonly ranging between 0.15 and 
0.25 m/yr, and are marginally greater in the eastern wheatbelt.  Watertables between 5 and 
8 m rise more slowly.  Watertables between 0 and 5 m show seasonality though have been 
declining due to aquifer discharge and less recharge in recent years. 
Below 5 to 8 m, groundwater does not show seasonality and behaves in a consistently 
increasing monotonic (unvarying) manner, except where deep permeable profiles exist (e.g. 
Westdale, Tammin). This is a direct consequence of unsaturated regolith profile thickness 
and moisture retention.  Furthermore, this range where groundwater response differs so 
markedly is inferred to be the densest zone of preferred pathways, created by the roots of 
pre-clearing vegetation. Sharma (1984) found water patterns suggesting that eucalypts 
extracted water from down to 6 m, supporting the concept that direct and rapid access of 
infiltration to watertables is restricted beyond this depth.  A later study (Ruprecht & 
Schofield 1990) established that significant variations in soil water content were generally 
restricted to 6 m, with some evidence of preferential flow to 9 m. 
As concluded by Short and McConnell (2001), no significant long-term falling trends have 
been identified.  However, shallow and deep groundwaters in valleys (local and intermediate 
systems) across all zones are quick to fall during extended dry periods, with declines 
observed within a few months of dry period onset.  Aquifer drainage and significantly less 
rainfall and surface water inundation recharge are primarily responsible for this rapid 
lowering.  This lends support to valley salinity being strongly influenced by surface water 
management.  In some valleys piezometric heads in both shallow and deep groundwater 
behave in a synchronised manner, indicating that good vertical hydraulic connection is 
present, often through sandy sediments. 
Significant piezometric responses often do not register following major rainfall events 
because the upper profile is able to absorb and retain the recharge pulse, releasing it upon 
further saturation over a longer period (i.e. unsaturated flow). In the unsaturated profile, when 
moisture potential nears the specific retention, gravity potential may dominate allowing 
gravity flow through interconnected pore spaces that are filled with water (Fetter 1988).  This 
slow infiltration and solubilisation of salts is confirmed by long delays between rainfall and 
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groundwater response as well as elevated groundwater EC where recharge forms deep 
watertables. 
Perched aquifers and other fresh to brackish groundwater resources in ADZ and particularly 
TDZ are under-utilised.  These should be regarded as potential groundwater targets for on-
farm use, particularly if scheme water is restricted due to declining rainfall levels in the south 
west of WA. As described by George and Conacher (1993) these perched aquifers can be 
observed recharging deep watertables. 
Growing herbaceous or woody perennials in phases of at least two to three years would be 
required to have any impact on deep groundwater trends.  Groundwater systems more than 
20 m deep that show limited effects from single dry years do respond to longer periods of low 
recharge. 
Surface water management is needed to reduce waterlogging in western zones, and to 
reduce salinisation due to inundation in other zones (e.g. Internal Drainage Zone). In recent 
years, the most rapid expansion of salinity in the TDZ and IDZ occurred after the 2000 
flooding.  Upward mobilisation of salts to the surface via evaporation resulted from the 
establishment of hydraulic connection between the soil surface and underlying shallow saline 
watertables. 
Despite experiencing climatic extremes in recent years, where long-term groundwater 
monitoring data exist, the risk of further salinisation remains evident. 
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1.  Introduction 
In 1998 the Department of Agriculture published research which addressed groundwater 
trends in the agricultural area of south-west Western Australia (Nulsen 1998).  A series of 62 
hydrographs presented a snapshot of groundwater rise in various landscape positions under 
different land uses and seasonal conditions.  Each of the Department of Agriculture’s 
administrative areas was discussed in terms of hydrology, based on bore networks, time 
series data, and technology available at that time.  
Since then bore networks and data have increased allowing a more comprehensive analysis 
of groundwater trends for Central Agricultural Region (CAR).  It is appropriate to update that 
important work drawing upon the improved knowledge and capabilities that have accrued.  
One of the major developments has been the completion of a somewhat subjective, but 
nevertheless informed division of the region into hydrozones based on rainfall, landform, 
soils, and to a lesser extent, geology.  Statistical software development has also provided the 
opportunity to rapidly correlate the effect of rainfall events on hydrograph response. 
This report updates groundwater data and interpretation for each of the hydrozones of the 
CAR.  Thirty-three hydrographs representing 50 bores from 38 sites (Figure 1), 
representative of the landscapes are used to illustrate typical trends. 
Previous rising groundwater trends (Nulsen 1998) have been discussed with respect to 
groundwater responses and geographic locations.  In doing so, this report attempts to 
provide a longer term assessment of groundwater trends and general management 
implications of groundwater rise in each hydrozone. 
GROUNDWATER TRENDS IN THE CENTRAL AGRICULTURAL REGION 
 7
 
Figure 1. Locations of Saltwatch bores and extent of Central Agricultural Region, Avon River 
Basin and hydrozones 
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2. Bore selection 
There are over 1100 bores in the Agbores database for the CAR. Of these, more than 300 
bores at over 200 sites are used as primary groundwater monitoring bore networks 
(Figure 2).  Saltwatch bores have been sourced among these primary bores, based upon site 
knowledge from fieldwork, topographical information, bore construction data and location.  
Many sites in valley positions have been discarded because watertables have reached 2 to 
3 m of the surface and there are no longer any rising trends. The exception is where shallow 
bores are nested with deeper bores, or where shallow bores form part of a transect of bores. 
Most of the Saltwatch bores are used for monitoring watertables under agricultural land 
although some bores are located in or near remnant vegetation to monitor the impact of 
these land uses.  Saltwatch bores are constructed using either Class 9 or Class 12 50 mm 
PVC casing, slotted in the bottom 2 m of the hole with end caps. Gravel packs to just above 
the screen, bentonite seals and backfilling to the surface, complete the construction.  
Many of the more recent bores form transects suitable for Flowtube modelling.  George et al. 
(2001) created the two-dimensional model to simulate response to recharge management for 
dryland salinity control in Western Australia.  
Most of the Saltwatch bores are, and were monitored by Department of Agriculture staff in 
the CAR, thereby ensuring monitoring standards have been maintained. 
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3. Analysis 
A number of factors were considered when analysing and commenting on groundwater 
behaviour.  These included availability of: 
1. Information about the broad scale hydrozones in which bores are located. This primarily 
includes rainfall variables, topography and general regolith properties. 
2. Hydrogeological information about the immediate area in which the bore is located. This 
may include geological logs, soil distribution, landscape classification, and discharge 
activity.  
3. Agbores database that holds general bore data (location, construction etc.) and time 
series data on water level, electrical conductivity (EC) and pH.  Bore locations were 
recorded using GPS against the GDA94 UTM Zone 50 Datum. Some locations have 
been estimated using the same datum and are marked as such. 
4. Calculated average rates of rise. 
5. Calculated rates of rise derived from the Hydrograph and Rainfall Time Trend (HARTT) 
program (Ferdowsian et al. 2001).  HARTT was used to isolate the effects of atypical 
rainfall events on groundwater response during monitored periods. It also assists in 
providing estimates of the delay between rainfall event and groundwater response. 
HARTT figures are not published but have been used during compilation to assist in 
understanding hydrological processes.  
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Figure 2. Locations of all monitored groundwater bores in Central Agricultural Region 
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4. Results 
Information on the 10 major hydrozones in the Central Agricultural Region is presented in 
order from west to east with northern zones discussed before southern, except for zone 261 
which has limited data and is of small areal extent.  Hydrographs are presented along with 
detailed information about the bore sites. 
4.1 Western Darling Range Zone 255 
This consists of a moderately dissected lateritic plateau on granite with deeply incised 
valleys, extending to the Darling Scarp on the western margin.  Soils are formed in laterite, 
lateritic colluvium, granite weathered in situ and gneiss.  In general the bedrock compositions 
range from granodiorite to granite, but true granite is rare.  See Wilde and Low (1978 and 
1980) for more information on the geology. 
No Saltwatch bores are located in this zone and rates of rise are poorly documented. 
However, McFarlane et al. (1987) found that positive vertical gradients of between 0.08 and 
0.51 exist where a dolerite dyke is acting as a groundwater barrier at Allandale Research 
Farm. Steep topographic gradients and incised surface drainage restrict the area at risk of 
becoming saline. Salinity risk is greatest in waterlogging-prone upland valleys and where 
geological features cause groundwater discharge. 
Ghauri (2003) studied the hydrogeology of a large property in the zone, and suggested that 
ephemeral perched (sandplain) aquifers are widespread due to deep and permeable soil 
profiles overlying saprolite. These large perched aquifers form semi- permanent seepage 
areas at the base of upland valleys.  
Semi-confined (saprock) aquifers transmit most of the groundwater to discharge areas in 
adjacent valleys.  Permeability tests by GHD Pty Ltd (1998) estimate deep aquifer hydraulic 
conductivity to be 0.28 m/day with perched aquifers having superior conductivity. 
Two private bores are positioned in a waterlogged paddock south-west of Acacia Prison 
(BH7D and S). Water level and quality measurements taken in summer show that while the 
perched groundwater is ephemeral, deep groundwater (153 mS/m) is permanent on long, 
low-gradient slopes and had a water level within a few metres from the base of the clays that 
allow perching of groundwater. The fresh perched groundwater would recharge the deeper 
aquifer when saturated.  
George et al. (2001) found that catchments in undulating landscapes respond to recharge 
reduction strategies relatively quickly. The compartmentalised landscape, steep gradients 
and local groundwater systems of this zone means localised treatments are often successful. 
Salts accumulating in upland valley soils due to waterlogging and evaporation can be 
leached away if waterlogging can be negated.  
Salinity risk is low in this zone though the installation of a bore network would assist in 
confirming whether hydrological equilibrium has been attained. 
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4.2 Eastern Darling Range Zone 253  
This zone is formed in predominantly moderately to strongly dissected lateritic plateau on 
granite with eastward flowing streams in broad shallow valleys, and some surficial Eocene 
sediments.  Soils are formed in laterite colluvium or granite weathered in situ.  Bedrock 
composition is similar to that of zone 255.  See Wilde and Low (1978 and 1980) for more 
information. 
Monitoring bore networks are near Bakers Hills, Westdale and Williams and all landscape 
positions are represented. 
Widespread perched aquifers have fresh to brackish groundwater and are subject to 
throughflow and also recharge deep aquifers. The EC of groundwater in perched aquifers is 
often less than 100 mS/m. 
Saprock aquifers are of various thickness and extend throughout the zone except where 
shallow bedrock exists.  Groundwater EC is less than 1,000 mS/m and in upper sub-
catchments may be significantly less. For most of the year, the surface water along major 
drainage lines is likely to be above safe drinking limits for livestock. 
Acid groundwater (pH <4) is widespread but localised in occurrence.  The process of acid 
generation in the wheatbelt is not yet fully understood. Contributing factors appear to be the 
presence of iron-rich geology (e.g. mafic dykes), hillside seepages and less frequently, 
swampy conditions.  See the Appendix for detailed acid groundwater distribution. 
Typical hydrograph responses observed in this zone are outlined below. 
Rising trends 
- Seasonal hydrograph responses are prominent in this higher rainfall zone. Most areas 
with deep watertables do not show seasonality except where coarse textured soils exist. 
Lewis and McConnell (1998) noted this seasonality and the fact that very large seasonal 
rises could occur even during years with low rainfall totals. Recharge is often rapid with 
short intervals (1 month) between rainfall and groundwater response.  
- Deep watertables, with long and sustained rising trends are present though there is 
notable response to dry seasons. Sustained groundwater rises are thought to occur due 
to unsaturated regolith profile thickness and moisture retention. Anecdotal evidence 
suggests that thin (~1 m) saprock aquifers exist in rejuvenated landscapes which will 
inhibit transmissivity. Continually waterlogged valleys also inhibit drainage from 
catchment slopes.  
Falling trends 
- Few falling trends are identified.  
- Attributed to either decline in rainfall and subsequent depletion of perched/deeper aquifer 
stores; or  
- Decline associated with waning of the momentary January 2000 flood event rises.  
Depending on rainfall, all observed trends are expected to continue with lower slope 
seepages and waterlogging becoming more common as watertables approach the ground 
surface. 
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Landscape incision results in compartmentalisation of catchments. This makes these 
catchments responsive to most salinity management measures, except pumping, where thin 
and discontinuous saprock aquifers limit pumping potential.  
Sufficient bores are located in this zone to establish groundwater trends. 
Yalanbee Research Station YB4904
-26
-24
-22
-20
-18
-16
-14
-12
-10
N
ov
-7
2
N
ov
-7
3
N
ov
-7
4
N
ov
-7
5
N
ov
-7
6
N
ov
-7
7
N
ov
-7
8
N
ov
-7
9
N
ov
-8
0
N
ov
-8
1
N
ov
-8
2
N
ov
-8
3
N
ov
-8
4
N
ov
-8
5
N
ov
-8
6
N
ov
-8
7
N
ov
-8
8
N
ov
-8
9
N
ov
-9
0
N
ov
-9
1
N
ov
-9
2
N
ov
-9
3
N
ov
-9
4
N
ov
-9
5
N
ov
-9
6
N
ov
-9
7
N
ov
-9
8
N
ov
-9
9
N
ov
-0
0
N
ov
-0
1
N
ov
-0
2
N
ov
-0
3
Date
D
ep
th
 B
el
ow
 S
ur
fa
ce
 (m
)
0
20
40
60
80
100
120
140
R
ai
nf
al
l (
m
m
)
YB4904
Rainfall
 
 
 YB4904 
Average rate of rise  0.35 m/yr  
Groundwater quality  ~350 mS/m, pH 5.5 
Bore location  5 km SE Bakers Hill 
452171 mE, 6484741 mN 
Bore depth 24 m 
Annual rainfall  ~550-600 mm 
Land use  Cropping/pasture 
Landform  Middle-lower slope 
Comments  
Steep dissected landscape with deep watertable. Rising trend from November 1972 to 
November 1983 was 0.63 m/yr. From 1983 to 2003 the rising trend was 0.20 m/yr 
indicating a slowing rate.  No major responses to large rainfall events but 1982 and 
2000-03 dry periods have been detected during frequent monitoring. 
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Westdale WD21
-12
-11
-10
-9
-8
-7
-6
-5
-4
-3
-2
Ja
n-
93
Ja
n-
94
Ja
n-
95
Ja
n-
96
Ja
n-
97
Ja
n-
98
Ja
n-
99
Ja
n-
00
Ja
n-
01
Ja
n-
02
Ja
n-
03
Date
D
ep
th
 B
el
ow
 S
ur
fa
ce
 (m
)
0
10
20
30
40
50
60
70
80
R
ai
nf
al
l (
m
m
)
WD21
Rainfall
 
 
 
WD21 
Average rate of rise  -0.09 m/yr  
Groundwater quality   ~800 mS/m, pH 4.5 
Bore location   45 km west of Brookton 
462150 mE, 6424150 mN (est.) 
Bore depth 10.4 m 
Rainfall  ~500-550 mm 
Land use    Cropping/pasture 
Landform   Middle slope 
Comment  
Seasonal response in hydrograph is common to all bores in the Westdale. This is due to 
rapid infiltration (<1 month between rainfall and groundwater response) through 
permeable soils and subsequent drainage of groundwater under steep gradients. This 
particular area appears to be in equilibrium. 
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Williams 84LH18B
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 84LH18B 
Average rate of rise  0.16 m/yr  
Groundwater quality   - 
Bore location   15 km NE of Williams 
495406 mE, 6360016 mN 
Bore depth 26 m 
Rainfall  ~550 mm 
Land use    Cropping/pasture 
Landform   Upper slope 
Comment   
Steady rate of groundwater level rise pre-1993.  Reduction in groundwater level after 
very low rainfall in 1997 (Williams PO 373 mm) and 2000-02.  Long delay between 
rainfall events and groundwater response suggests matrix recharge process. Thickness 
of unsaturated regolith profile also delays recharge to aquifer. 
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Williams 84LH5C
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 84LH5C 
Average rate of rise  0.05 m/yr  
Groundwater quality   - 
Bore location   15 km NE of Williams 
495859 mE, N 6359453 mN 
Bore depth 20 m 
Rainfall  ~550 mm 
Land use    Cropping/pasture 
Landform   Middle-lower slope 
Comment   
Strong seasonal response with long-term rising trend. Recharge occurs rapidly (in <1 
month).  
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4.3 Northern Zone of Rejuvenated Drainage 256 
This zone is predominately an erosional surface of gently undulating rises to low hills with 
continuous stream channels that flow in most years.  Colluvial processes are active with soils 
forming in colluvium or rock weathered in situ. The basement geology is of variable even-
grained granitoids, including fine to coarse-grained granodiorite, adamellite and granite. See 
Wilde and Low (1978) for more information on the geology.  
Monitoring bore networks are near Goomalling and Morbinning and all landscape positions 
are represented. 
Perched aquifers are widespread and are a significant fresh to brackish groundwater 
resource suitable for on-farm use (livestock and in some instances domestic supply). 
Discharge from these perched aquifers occurs as seepage at the termination of sandplain 
units and also recharge to deep aquifers. Thickness of sandplain aquifers can extend to 5 m.  
Saprock aquifers of various thicknesses extend throughout the zone except where shallow 
bedrock exists or palaeodrainage has scoured to bedrock (e.g. York townsite, Crossley in 
prep.). Groundwater EC is commonly around 1,000 to 1,500 mS/m and in upper sub-
catchments is significantly less (<500 mS/m). Groundwater in or near major drainage lines is 
saline and generally unsuitable for livestock. 
Rising trends 
- Bores in most landscape positions show rising trends. 
- Less seasonality displayed in hydrographs compared to zones further west. 
- Trends often show a greater rate of rise in earlier years of monitoring and a gradual 
flattening of gradient as piezometric heads near ground level.  
Falling trends  
- Occur in perched aquifers where there is slow (months) transfer of aquifer stores to deep 
aquifers. 
- Lower slope areas where shallow watertables exist in a local groundwater equilibrium 
state. This is a response to aquifer drainage, reduced recharge due to dry weather 
conditions, soil evaporation, and evapotranspiration by salt tolerant vegetation. 
- Topographic highs where rejuvenated drainage ensures discharge from the aquifer is 
maintained. 
Lower slope seepages and waterlogging will continue as watertables rise, and less rainfall is 
required to create run-off conditions. There are catchments in this zone that have flat valley 
floors that are yet to become saline and these are at high risk. 
Intermediate gradients and perching of groundwater make these areas partially responsive to 
smaller scale salinity management measures. Localised salinity problems such as hillside 
seeps can be managed effectively on farm. Rainfall levels, proximity to Perth and livestock 
enterprise in this area make herbaceous and woody perennial an increasingly viable salinity 
management option.  
Sufficient bores are located in this zone to establish groundwater trends. 
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Goomalling 00GO01D and 00GO01S
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 00GO01D 00GO01S 
Average rate of rise  0.10 m/yr  
Short-term rate only 
0.08 m/yr  
Short-term rate only 
Groundwater quality   500 mS/m, pH 6.5  1,100 mS/m, pH 6.5 
Bore location   28 km NE of Northam, 480552 mE, 6521844 mN 
Bore depth 16 m  5.7 m  
Rainfall  ~350-400 mm ~350-400 mm 
Land use    Cropping/pasture Cropping/pasture 
Landform  Valley  Valley  
Comment  
Groundwater level has been maintained between 2 and 3 m and fluctuates seasonally. 
Capillary action has resulted in some soil salinity, though close proximity to discharge 
areas has prevented positive piezometric head development. Recharge occurs rapidly 
(<1 month).  A monitoring bore in a similar landscape (monitored around 10 times/day) 
shows rapid response to changes in barometric pressure and rainfall. This suggests 
options for revegetation whereby local rainfall recharge is fresh enough for vegetation to 
tolerate. Survival of salt-tolerant trees planted in the 1980s above slightly saline 
watertables has also been observed near Tammin. Evapotranspiration of direct rainfall 
recharge is often enough to maintain tree health.  
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Goomalling 00GO05D and 00GO06D
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 00GO06D 00GO05D 
Average rate of rise  -0.70 m/yr   
Short-term rate only 
-0.10 m/yr  
Short-term rate only 
Groundwater quality   ~500 mS/m, pH 6.5  1,000 mS/m, pH 7.4 
Bore location   33 km NE of Northam 
480645 mE, 6525819 mN 
33 km NE of Northam 
480790 mE, 6526261 mN 
Bore depth 11 m  16.5 m  
Rainfall  ~350-400 mm ~350-400 mm 
Land use    Cropping/pasture Cropping/pasture 
Landform   Upper slope Upper slope 
Comment  
Both bores are located in an aquifer that is recharged from a sandplain hill. Recharge to 
the perched aquifer is minimal due to recent (2000-02) dry seasons therefore deep aquifer 
stores are being depleted. These upper slope bores take 6-12 months to respond to 
rainfall events and have elevated EC suggesting regolith salt stores are becoming soluble 
during slow downward migration of recharge through the regolith profile.  
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Morbinning MO1D, MO2D and MO3D
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 MO1D MO2D MO3D 
Average rate of rise  0.10m/yr  0.22 m/yr  0.19 m/yr  
Groundwater quality   ~1,400mS/m,  
pH 7.5 
~1,500 mS/m,  
pH 7.6 
~500 mS/m,  
pH 7.3 
Bore location   40 km SE of York  
519100 mE,  
6445650 mN (est.) 
40 km SE of York  
519300 mE, 
6445400 mN (est.) 
40 km SE of York  
519350 mE, 
6445300 mN (est.) 
Bore depth 35 m 35 m 37.5 m 
Rainfall  ~350-400 mm ~350-400 mm ~350-400 mm 
Land use    Laneway Cropping/pasture Cropping/pasture 
Landform   Valley Lower slope Middle slope 
Comment  
All bores have rising trends with greatest rate of rise at the lower and middle slopes where salinity 
is yet to develop. Slight reductions in rates of watertable rise follow dry seasons. MO3D has no 
statistical correlation with either rainfall or time variables suggesting it is affected by local 
subsurface variables (e.g. preferred pathways or impermeable barriers).  
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Morbinning MO69 and MO63D
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 MO69 MO63D 
Average rate of rise  0.33 m/yr 0.05 m/yr  
Groundwater quality   ~120 mS/m, pH 7.4  ~1,100 mS/m, pH 6.6 
Bore location   40 km SE of York 
518650 mE, 6449700 mN 
(est.) 
40 km SE of York 
516600 mE, 6448200 mN 
(est.) 
Bore depth 48 m 19 m 
Rainfall  ~350-400 mm ~350-400 mm 
Land use    Cropping/pasture Cropping/pasture 
Landform   Middle slope  Middle slope below MO69 
Comment  
MO69 (located within a fractured quartz dyke) showed rapid rate of rise from 1991 to 
1997 (~0.53 m/yr) with a reduced rate following 1997 (0.10 m/yr). Levelling off is 
premature in this case due to dry season effect as water level measured in this bore is 
well correlated to rainfall.  MO63D has maintained a slight upward trend only.  Recharge 
occurs rapidly (<1-2 months). 
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4.4 Southern Zone of Rejuvenated Drainage 257 
This zone comprises mainly erosional surfaces of gently undulating rises to low hills with 
continuous stream channels that flow in most years.  Colluvial processes are active with soils 
forming in colluvium or rock weathered in situ. The basement geology is variable even-
grained granitoids, including fine to coarse-grained granodiorite, adamellite and granite. 
Dykes appear more prevalent than in most other zones, and have a general northerly trend. 
See Wilde and Low (1978 and 1980) for more information on the geology. 
This zone is not monitored for Saltwatch due to the absence of suitable bore networks. 
Based on geomorphology and annual rainfall patterns, rates of rise should be similar to those 
demonstrated in the Eastern Darling Range Zone. Salinity and waterlogging occurrences will 
be restricted to geologically controlled hillside seepages, lower slope seepages and valley 
floors. 
Landscape incision results in compartmentalisation of catchments. This makes these 
catchments responsive to most salinity management measures including revegetation, 
perennial pastures, surface water management and engineering works.  
Additional bore networks, particularly in the central/northern part of this zone are required to 
properly characterise groundwater trends. 
4.5 Northern Zones of Ancient Drainage 258b, 258c, and 258d 
These zones comprise ancient plain with low relief on weathered granite. There is no 
connected drainage, and drainage lines flow to salt lakes which are the remnants of 
palaeodrainage systems that now only flow in very wet years. The landscape consists of 
lateritic uplands dominated by yellow sandplain. Migmatites, gneisses and granite plutons of 
varying mineralogical, textural and metamorphic type form the geology.   
Regolith profiles are shallower towards the more defined western catchments. Numerous 
dolerite and diorite dykes are relatively uniformly distributed across the region and can be 
divided into two main suites on the basis of their orientation, often north-east trending and 
east-northeast trending. See Blight et al. (1984), Chin (1986) and Chin et al. (1986) for more 
information. 
Zone 258b has a primary monitoring bore network near Koorda.  Flowtube modelling of the 
network was carried out as part of the Rapid Catchment Appraisal process in 2002. 
Saltwatch bores in 258c comprise the Elashgin, North Wyola and South Tammin networks. 
Zone 258d has the Bencubbin, North-east Yilgarn, and Skeleton Rocks monitoring networks. 
The Bencubbin, Koorda, North-east Yilgarn, and South Tammin networks were established 
in 2000 so lack long records. However regular monitoring has resulted in sufficient data to 
comment on early trends based on weather conditions to date.  All landscape positions are 
represented in these networks. 
Perched aquifers are more prevalent in north and western areas (zones 258b and 258c) 
where a greater proportion of the landscape has sandy soils. Elsewhere, perched aquifers 
are scattered but regular in occurrence. These perched aquifers often have fresh to brackish 
groundwater.  Saprock aquifers of various thicknesses extend throughout the zone except 
where shallow bedrock exists or palaeochannels have scoured to bedrock (e.g. western 
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margin of Tammin townsite, Ghauri unpublished). Groundwater EC is commonly greater than 
2,000 mS/m except in upper sub-catchments.  It increases markedly eastwards across the 
zones to around 5,000 mS/m. EC in palaeochannels and \ salt lake areas is hypersaline 
(~7,000-15,000 mS/m). Large bodies of acid groundwater (pH <4) have been recorded as far 
west as Tammin and in lower landscape positions throughout zones 258c and 258d. 
Rising trends 
- Generally, hydrograph responses from zones 258b, 258c, and 258d do not differ greatly, 
with rising bores often located in middle and upper slope areas. 
- Episodic recharge is most notable to the east (zone 258d). 
- Deep groundwater continues to rise in some lower slope and valley positions indicating 
groundwater heads have been maintained despite recent dry conditions. 
- Significant rises (>0.10 m/yr) in lower slopes of brackish groundwater in zone 258c where 
recharge areas are dominated by sandplain slopes (see bore EL8D). 
Falling trends 
- Most falling trends in middle or upper slope landscape positions are attributed to a recent 
decline in rainfall and subsequent depletion of perched and/or deep aquifer stores. 
- Development of groundwater on shallow bedrock which rapidly drains away (zone 258c). 
- Lower slope areas where shallow watertables exist and there is close proximity to large 
discharge areas such as salt lakes. This is a response to dry weather conditions. Most 
falling trends are explained by recent climatic events and do not significantly reduce the 
threat posed by salinity. 
Acid groundwater exists at shallow and deep levels across all zones, and is highly prevalent 
in areas of slow or internal drainage, high EC, and low landscape position.  Acidification of 
shallow groundwater has been described by McArthur et al. (1991). However, deep 
groundwater acidity is less well understood and may have been derived from several of 
processes.  
Aquifers in these zones cover large areas and exhibit low gradients making responses to 
salinity management measures only local in effect. Thick saprock aquifers (>5 m) are 
widespread and pumping of saline groundwater from beneath high value assets such as 
townsite infrastructure is possible.  
Sufficient bores are located in these zones to establish groundwater trends. 
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Koorda 00KO03D
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 00KO3D 
Average rate of rise  1.23 m/yr;  short-term rate only 
Groundwater quality   ~1400 mS/m, pH 5.8 
Bore location   32 km north of Koorda 
533880 mE, 6620209 mN  
Bore depth 23 m 
Rainfall  ~350 mm 
Land use    Cropping pasture 
Landform   Upper slope 
Comment  
Sandplain with dry bore prior to winter 2001. Initial rapid watertable rise has been 
observed in other deep bores that were previously dry.  
Two bores are located further upslope. The most elevated (00KO01D) has remained dry 
whilst 00KO02D also recorded a large rise (>0.5 m) over two months prior to the 
response recorded in 00KO03D. This suggests a pulse of recharge moving downslope 
through the regolith profile. For the area in question, the relatively low EC of 1400 mS/m 
would not indicate of a large groundwater system, and these salts are likely to be those 
recently leached from the regolith profile. Recharge occurs slowly due to both 
unsaturated regolith profile thickness and moisture retention. 
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Koorda 00KO10D and 00KO10S
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 00KO10D 00KO10S 
Average rate of rise  -0.41 m/yr 
Short-term rate only 
-0.44 m/yr  
Short-term rate only 
Groundwater quality   ~3500 mS/m, pH 5.6  ~3800 mS/m, pH 3.7 
Bore location   22 km north of Koorda 
534892 mE, 6608935 mN 
Bore depth 27 m 7 m 
Rainfall  ~350 mm ~350 mm 
Land use    Cropping/pasture Cropping/pasture 
Landform   Lower slope Lower slope 
Comment  
Falling shallow watertable in response to dry seasons and proximity to large discharge 
areas. This trend is displayed frequently throughout wheatbelt valleys and lower slopes. 
Both deep and shallow groundwater is responding at similar rates indicating good 
vertical connectivity in the regolith profile. Recharge to these shallow watertables occurs 
rapidly (<1-2 months). 
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Northern Zone of Ancient Drainage 258c 
Elashgin EL4DD and EL4S
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 EL4DD EL4S 
Average rate of rise  0.60 m/yr  0.04 m/yr  
Groundwater quality   ~ 90 mS/m, pH 7.0  ~ 80 mS/m, pH 6.8 
Bore location   10 km SE of Wyalkatchem 
542300 mE, 6543050 mN (est.) 
Bore depth 43 m  8 m 
Rainfall  ~350 mm ~350 mm 
Land use    Cropping / pasture Cropping / pasture 
Landform   Middle slope Middle slope 
Comment  
Perched aquifer develops through lateral flow from surrounding slopes (EL4S) then 
recharges deep aquifer (EL4DD) hence EC match. Recharge from slopes to EL4S takes 
approximately nine months with a second long delay period for transfer of aquifer stores 
to the deep aquifer. This area is a natural groundwater sump with low salt store in the 
regolith profile explained by continuous leaching during recent geological time.   
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Elashgin EL8D
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 EL8D 
Average rate of rise  0.26 m/yr; nested shallow bore is dry 
Groundwater quality   ~460 mS/m, pH 6.8 
Bore location   10 km SE of Wyalkatchem 
542350 mE, 6541700 mN (est.) 
Bore depth 15 m 
Rainfall  ~350 mm 
Land use    Cropping/pasture 
Landform   Lower slope 
Comment  
Rising watertable of low EC. When and if the watertable rises to within a few metres of 
the surface, soil salinisation can still be expected despite relatively low salt level 
concentrations. 
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North Wyola NW2 and NW1S
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 NW2 NW1S 
Average rate of rise  0.07 m/yr  0.00 m/yr 
Groundwater quality   ~1,950 mS/m, pH 7.2 N/A 
Bore location   15 km NE of Cunderdin 
533850 mE, 6507900 mN 
(est.) 
15 km NE of Cunderdin 
533200 mE, 6509300 mN 
(est.) 
Bore depth 11.5 m 8.5 m 
Rainfall  ~350 mm ~350 mm 
Land use    Cropping / pasture Cropping / pasture 
Landform   Middle slope  Upper slope  
Comment  
NW1S watertable quickly forming on ridge (shallow bedrock) and subsequently draining 
away. 
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North Baandee NB03C
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 NB03C 
Average rate of rise  0.15 m/yr  
Groundwater quality   ~400 mS/m, pH 7.4  
Bore location   40 km WNW Merredin 
533850 mE, 6507900 mN (est.) 
Bore depth 30.5 m 
Rainfall  ~300-350 mm 
Land use    Cropping / pasture 
Landform   Middle-upper slope 
Comment  
Groundwater rise appeared to take effect only after first three years of monitoring i.e. 
when annual rainfall increased. Example of why short-term monitoring (<five years) is 
not usually sufficient to identify hydrograph trends. Many other bores in the catchment 
show similar rates of rise.  
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Tammin 00TM11
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 00TM11 
Average rate of rise  0.34 m/yr, short-term rate only 
Groundwater quality   ~800 mS/m, pH 7.0 
Bore location   15 km south of Tammin 
544659 mE, 6487226 mN 
Bore depth 25 m 
Rainfall  ~350-400 mm 
Land use    Cropping / pasture 
Landform   Middle slope 
Comment  
This deep bore is located mid-way up a sandplain hill hence the moderate EC and rapid 
recharge (<1 month). The location serves as a local recharge mound and is close to 
discharge areas. As recharge/discharge process acts quickly at this location, post-flood 
watertable declines are not captured in the data. Only the lower slope of this hill will 
become salinised due to steep topography. 
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Northern Zone of Ancient Drainage 258d 
North East Yilgarn 00NE02D and 00NE02S
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 00NE02D 00NE02S 
Average rate of rise  -0.34 m/yr 
Short-term rate only 
-0.30  m/yr 
Short-term rate only 
Groundwater quality   ~ 5,000 mS/m, pH 5.5  ~ 5,000 mS/m, pH 3.2 
Bore location   35 km west of Bullfinch 
669993 mE, 6567829 mN, 
Bore depth 30 m 8 m 
Rainfall  ~300-350 mm ~300-350 mm 
Land use    Cropping / pasture Cropping / pasture 
Landform   Lower slope Lower slope 
Comment  
Continuous decline in water level following flooding of January 2000.  
 
 
GROUNDWATER TRENDS IN THE CENTRAL AGRICULTURAL REGION 
 32
North East Yilgarn 00NE05
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 00NE05 
Average rate of rise  0.17 m/yr, short-term rate only 
Groundwater quality   ~2,000 mS/m, pH 5.2 
Bore location   30 km west of Bullfinch 
674182 mE, 6568300 mN 
Bore depth 31 m 
Rainfall  ~ 300-350 mm 
Land use    Cropping / pasture 
Landform   Middle slope 
Comment  
Deep watertable rising despite shallow watertable declines of 1 to 2 m in valleys (see 
previous bore). 
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Bencubbin 00BE01D
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 00BE01D 
Average rate of rise  0.40 m/yr; short-term rate only 
Groundwater quality   ~3,700 mS/m, pH 3.6 
Bore location   18 km west of Bencubbin 
563150 mE, 6588712 mN 
Bore depth 38 m 
Rainfall  ~300-350 mm 
Land use    Cropping/pasture 
Landform  Middle slope 
Comment  
Watertable has increased by 1 m since monitoring began. Bore installed six months after 
floods, during a drought, however a rising trend is still apparent. This is the product of 
delay between rainfall and infiltration of water to the deep aquifer. 
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Merredin MDA
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 MDA 
Average rate of rise  0.53 m/yr  
Groundwater quality   ~550 mS/m 
Bore location   5 km SE of Merredin 
624579 mE, 6513102 mN 
Bore depth 46 m 
Rainfall  ~300-350 mm 
Land use    Cropping / pasture 
Landform   Upper slope 
Comment  
Steady groundwater rate of rise. Rate corroborated with HARTT analysis. Example of 
long-term monitoring removing the effects of short-term climate extremes. Two upward 
spikes in the data are likely to be artefacts of monitoring errors but have not impacted on 
the calculated rates of rise. 
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Merredin MDX
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 MDX 
Average rate of rise  0.25 m/yr  
Groundwater quality   ~3000 mS/m 
Bore location   5 km west of Merredin 
617300 mE, 6515123 mN 
Bore depth 25 m 
Rainfall  ~300-350 mm  
Land use    Cropping / pasture 
Landform   Middle-lower slope ~10 km from salt lakes 
Comment      
Steady groundwater rate of rise. Drilled in parkland near Dryland Research Institute but 
data reflect general land use in area. Recharge from Merredin evaporation pond leakage 
from October 2001 at a rate of 0.19 m per month has resulted in the sharp rise at the 
end of the monitoring period. 
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Skeleton Rocks B03B
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 B03B 
Average rate of rise  0.36 m/yr  
Groundwater quality   ~6,000 mS/m, pH 4.4 
Bore location   50 km SE of Moorine Rock 
729100 mE, 6486200 mN (est.) 
Bore depth 16 m 
Rainfall  ~300-350 mm 
Land use    Cropping / pasture 
Landform   Middle-lower slope 
Comment   
Classic episodic rise response to rainfall event in 1989 that has not receded to base 
levels.  
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4.6 South Western Zone of Ancient Drainage 259 
This consists of an ancient plain of low relief on weathered granites with sluggish drainage 
systems.  Lateritic uplands dominated by grey sandy gravel plain were originally vegetated 
by proteaceous species. Limited outcrop is exposed on colluvial slopes. The valleys differ 
from those of the Northern Zone of Ancient Drainage with salt lakes being more isolated. See 
Thom et al. (1984) for more information on the geology. 
The Kulin monitoring network was established in 2000 and does not have long records, 
however regular monitoring has resulted in sufficient data to comment on short-term trends 
based on weather conditions to date. Most landscape positions are represented in this 
network. 
Saprock aquifer groundwater EC is greater than 4,000 mS/m except in upper sub-
catchments where EC is often around 2,000 mS/m. Groundwater in salt lake areas is 
hypersaline. Acid groundwater exists at only shallow depths suggesting ferrolysis is the 
major acidifying process. 
Rising trends 
- Deep watertables in the upper catchment maintain a slight upward trend while 
intermediate/shallow bores with heads at around 6 to 7 m depth show no rising trend.  
Falling trends 
- Deep and shallow bores with piezometric heads between 0 and 5 m are declining. The 
aquifers in which the bores are installed are near salt lakes and subject to high discharge. 
Low relief and shallow regional groundwater systems make lower slope areas potentially 
unsuitable for revegetation. Salt-tolerant trees and lucerne can be used to reduce in situ 
recharge by transpiring fresh-brackish soil moisture. Locally and over the short-term, this can 
have reduce salt levels in the root zone provided no upward discharge of saline groundwater 
occurs.  
Upper slope areas with coarse textured soils should still be targeted for recharge reduction, 
and surface water management should be employed where suitable. Most landholders have 
reported dramatic increases in soil salinity following periods of surface water inundation. 
Surface water inundation allows good hydraulic connection to develop between shallow 
saline groundwater and the soil surface where concentration of salts occurs via evaporation. 
Additional bores are required in the north and west of this zone to characterise groundwater 
trends accurately. 
GROUNDWATER TRENDS IN THE CENTRAL AGRICULTURAL REGION 
 38
Kulin 00KU01I
-15
-14
-13
-12
-11
-10
-9
-8
-7
-6
-5
Ju
n-
00
Ju
n-
01
Ju
n-
02
Date
D
ep
th
 B
el
ow
 S
ur
fa
ce
 (m
)
0
5
10
15
20
25
30
35
R
ai
nf
al
l (
m
m
)
00KU01I
Rainfall
 
 
 00KU01I 
Average rate of rise  0.17 m/yr; short-term rate only 
Groundwater quality   ~1,200 mS/m, pH 6.3 
Bore location   1 km SE of Kulin 
609150 mE, 6384150 mN (est.) 
Bore depth 32 m 
Rainfall  ~350 mm 
Land use    Cropping/pasture 
Landform   Upper slope 
Comment 
Deep watertable rise despite shallow watertable declines of 1 to 2 m in valleys (see next 
bore). Recharge occurs slowly due to depth to watertable and unsaturated upper profile.  
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Kulin 00KU03D and 00KU03S
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 00KU03D 00KU03S 
Average rate of rise  -0.22 m/yr  
Short-term rate only 
-0.22 m/yr  
Short-term rate only 
Groundwater quality   ~2,500 mS/m, pH 6.5  ~2,200 mS/m, pH 6.5  
Bore location   8 km SE of Kulin 
613150 mE, 6378150 mN 
Bore depth 21 m 9 m 
Rainfall  ~350 mm ~350 mm 
Land use    Cropping/pasture Cropping/pasture 
Landform   Mid-slope Mid-slope 
Comment  
Both deep and shallow piezometric heads show falling trends that HARTT shows to be 
artefacts of rainfall time trends i.e. high rainfall in January 2000 followed by multiple 
years of low rainfall. Matching deep and shallow groundwater responses indicates good 
vertical hydraulic conductivity. Groundwater recharge occurs rapidly (<2 months). 
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4.7 South Eastern Zone of Ancient Drainage 250 
This zone consists of a smooth to irregularly undulating plain dominated by salt lake chains 
in the main valleys with duplex and lateritic soils on the uplands. Mallee vegetation grows on 
duplex soils, and proteaceous vegetation on gravels and sands. Limited rock outcrops on 
colluvial slopes. Dolerite dykes are prevalent although many are obscured by alluvium and 
colluvium. See Chin et al. (1984) and Thom et al. (1984) for more information on geology. 
Monitoring bores are near South East Hyden, Lake Bryde, Dingo Rocks and Newdegate.  
Dingo Rocks and Newdegate networks were established in 2000, however regular 
monitoring is sufficient to comment on early trends based on weather conditions. Most 
landscape positions are represented in the networks. 
Ephemeral perched aquifers often have fresh to brackish groundwater and are scattered. 
Deep aquifer groundwater is commonly greater than 4,000 mS/m except in upper sub-
catchments where it may near the upper limit for dry adult sheep (1,820 mS/m). Where 
perched aquifers recharge regional groundwater bodies, mixing or lensing of perched water 
results in localised reduction in EC of groundwater.   
Groundwater in palaeochannels and beneath salt lake areas is around 5,000 mS/m.  Where 
this groundwater reaches the surface, evaporation accumulates salts and hypersaline 
groundwater results. Acid groundwater (pH <4) has been recorded in lower positions towards 
South East Hyden and Dingo Rocks, and becomes less prevalent to the south. 
Rising trends 
- Rising watertables are often located in middle and upper slope areas; 
- Deep watertables maintain a slow upward trend in while watertables at about 6 to 7 m 
remain static;  
- Deep watertable rise is observed in catchments where a significant area is occupied by 
remnant vegetation reserves. This indicates that catchment scale intervention is required 
to impact on rising groundwater. 
Falling trends 
- Most falling trends identified in middle or upper slope landscape positions can be 
attributed to rainfall decline and subsequent depletion of perched/deeper aquifer stores; 
- Lower slopes with shallow watertables and close proximity to large discharge areas. This 
is a response to dry weather. Most falling trends are explained by recent climatic events 
and do not significantly reduce the threat posed by salinity. 
This zone contains both shallow and deep acid groundwater, though mainly to the north. 
Expansion of monitoring network is likely to reveal more acid groundwater within the major 
valley areas. 
Many catchments are particularly large (30,000-50,000 ha), and exhibit very low gradients 
and low soil permeability making them poorly responsive to salinity management. Localised 
salinity problems, such as hillside seeps, can still be managed effectively. Thick saprock 
aquifers (>5 m) are widespread and pumping of saline groundwater from beneath high value 
assets is possible. However, drilling experience shows that saprock is often finer grained 
than elsewhere, resulting in lower yields except in isolated pockets (Rosemary Nott, pers 
comm.). Sufficient bores are located in this zone to establish groundwater trends. 
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Dingo Rocks 00DR02D and 00DR02I
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 00DR02D 00DR02I 
Average rate of rise  0.23 m/yr 
Short-term rate only 
0.12 m/yr 
Short-term rate only 
Groundwater quality   ~4,800 mS/m, pH 6.5  ~1,800 mS/m, pH 7.1 
Bore location   18 km NE of Lake Grace 
647650 mE, 6352150 mN (est.) 
Bore depth 36 m 12 m 
Rainfall  ~350 mm ~350 mm 
Land use    Cropping/pasture Cropping/pasture 
Landform   Middle to upper slope Middle to upper slope 
Comment  Deep groundwater rising trends still evident despite 
shallow watertable declines of 1 to 2 m in valleys (see next 
page). Bore 00DR02I shows some minor responses to 
rainfall patterns, indicating the watertable is nearing the 
dense zone of preferred pathways. 
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Dingo Rocks 00DR06D and 00DR06S
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 00DR06D 00DR06S 
Average rate of rise  -0.49 m/yr  
Short-term rate only 
-0.46 m/yr  
Short-term rate only 
Groundwater quality   ~4,400 mS/m, pH 2.5  ~2,800 mS/m 
Bore location   15km NE of Lake Grace 
650150 mE, 6348150 mN (est.) 
Bore depth 25 m 4 m 
Rainfall  ~350 mm ~350 mm 
Land use    Cropping/pasture Cropping/pasture 
Landform   Upper slope  Upper slope  
Comment  
Drilled in an upland basin enclosed by outcropping granite. Shallow watertable brought 
about by convergence of groundwater and flood events that occurred six months earlier. 
Lowering water level indicates basin is not fully contained and slow discharge does 
occur through groundwater flow and some evaporation (capillary action). High EC would 
suggest evapo-transpiration discharge is unlikely. Identical piezometric head movements 
suggest good vertical connectivity in the regolith profile. 
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Newdegate 00ST01D and 00ST01S
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 00ST01D 00ST01S 
Average rate of rise  0.05 m/yr  
Short-term rate only 
0.04 m/yr  
Short-term rate only 
Groundwater quality   ~4350 mS/m, pH 6.3 ~120 mS/m, pH 5.8  
Bore location   10 km NW of Newdegate 
690000 mE, 6346000 mN (est.) 
Bore depth 40 m 8.5 m 
Rainfall  ~350 mm ~350 mm 
Land use    Cropping/pasture Cropping/pasture 
Landform   Lower slope Lower slope 
Comment  
Upward groundwater gradient with fresh water perching on saline regional groundwater. 
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Newdegate 00ST04D and 00ST04S
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 00ST04D 00ST04S 
Average rate of rise  -0.29 m/yr  
Short-term rate only 
-0.58 m/yr  
Short-term rate only 
Groundwater quality   ~4,800 mS/m, pH 3.4  ~5,200 mS/m, pH 3.9 
Bore location   12 km NE of Newdegate 
709150 mE, 6350150 mN (est.) 
Bore depth 19 m 8 m 
Rainfall  ~350 mm ~350 mm 
Land use    Cropping/pasture Cropping/pasture 
Landform   Middle slope Middle slope 
Comment  
Declining water level with shallow bore showing significant rainfall response indicating 
good soil profile permeability. 
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South East Hyden SH02D and SH02S
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 SH02D SH02S 
Average rate of rise  -0.28 m/yr  -0.29 m/yr  
Groundwater quality   ~5,500 mS/m, pH 1.8  ~5,000 mS/m, pH 1.9 
Bore location   30 km SE of Hyden 
699400 mE, 6395200 mN (est.) 
Bore depth 16 m 5.5 m 
Rainfall  ~300-350 mm ~300-350 mm 
Land use    Cropping/pasture Cropping/pasture 
Landform   Lower slope Lower slope 
Comment  
Seasonal fluctuations between 1997 and 2000 followed by falling shallow groundwater 
levels in response to dry seasons and proximity to large discharge areas. Similar 
piezometric head movements suggest good vertical connectivity in the regolith profile. 
With average rainfall conditions this bore is expected to maintain net static behaviour.  
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South East Hyden SH04D and SH04S
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 SH04D SH04S 
Average rate of rise  -0.25 m/yr  -0.25 m/yr  
Groundwater quality   ~700 mS/m, pH 5.4  ~450 mS/m, pH 5.7 
Bore location   35 km SE of Hyden 
696000 mE, 6388900 mN (est.) 
Bore depth 18 m 8 m 
Rainfall  ~300-350 mm ~300-350 mm 
Land use    Cropping/pasture Cropping/pasture 
Landform   Middle to lower slope Middle to lower slope 
Comment  
Located on lower slope of a small sandplain hill. Decline associated with local 
groundwater flow into the main valley aquifer. With average rainfall conditions this bore 
is expected to maintain net static behaviour. 
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South East Hyden SH08D and SH08S
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 SH08D SH08S 
Average rate of rise  0.34 m/yr  0.20 m/yr  
Groundwater quality   ~4,500 mS/m, pH 5.4 ~4,500 mS/m, pH 5.4 
Bore location   40 km SE of Hyden 
705000 mE, 6381000 mN (est.) 
Bore depth 33 m 14 m 
Rainfall  ~300-350 mm ~300-350 mm 
Land use  Cropping/pasture Cropping/pasture 
Landform   Middle-upper slope Middle-upper slope 
Comment  
Sustained rise with minimal groundwater discharge due to a groundwater barrier such as 
a dolerite dyke impeding flow. Recharge occurs relatively quickly (< 3 months). 
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Lake Bryde LB10D
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 LB10D 
Average rate of rise  0.00 m/yr, shallow bore dry at 11.3 m 
Groundwater quality   ~5,000 mS/m, pH 4.2 
Bore location   35 km east of Pingrup 
675000 mE, N 6292350 mN (est.) 
Bore depth 16.5 m 
Rainfall  ~350 mm 
Land use    Remnant vegetation (Magenta Reserve) 
Landform   Upper slope 
Comment  
No land has been cleared for agriculture above this site however the watertable 
continued to rise prior to the extended dry period of 2000-2002. This is an important 
control site for measuring the effects of clearing on groundwater and for risk potential of 
regional groundwater rise encroaching beneath vegetated areas. 
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Lake Bryde LB12
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 LB12 
Average rate of rise  0.16 m/yr  
Groundwater quality   ~4,500 mS/m, pH 4.6 
Bore location   30 km east of Pingrup 
669450 mE, 6292050 mN (est.) 
Bore depth 27 m 
Rainfall  ~350 mm 
Land use    Cropping/pasture (near Magenta Reserve) 
Landform   Upper slope plain 
Comment  
Groundwater is rising due to inundation recharge from surface water ponding on heavy 
clay soils.  This is consistent with the three month delay in response to rainfall.  There is 
a small risk of salinisation at this site within 40-50 years (Nott and Cattlin 2002). 
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4.8 Southern Cross Zone 261 
This zone consists of rises and low hills on Archaean greenstones, with broad valleys often 
containing salt lake chains.  Soils are usually red, loamy to clayey and calcareous. The 
Forrestonia Greenstone Belt is the southern extension of the Southern Cross Greenstone 
Belt described by Gee (1979) and Chin et al. (1984). Greenstone enclaves are scattered 
throughout the region. See Chin et al. (1984) for more information on the geology. 
Only one monitored bore with short-term data is present. However, the general 
hydrogeology is similar to that of adjacent zone 258d. Further east, the zone 
becomes more typical of Goldfields Region where regolith profiles are much more 
deeply weathered (up to 100 m) and depth to groundwater is often considerably 
greater (>10-20 m). In such instances, recharge levels and salinity risk are low. The 
area is predominantly uncleared and salinity management is unnecessary now. 
A small number of bores positioned where agricultural land borders onto uncleared 
land would be useful to establish groundwater trends in this zone.  
North East Yilgarn 00NE12
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 00NE12 
Average rate of rise  -0.20 m/yr; short-term rate only 
Groundwater quality   ~4,500 mS/m, pH 3.2 
Bore location   5 km west of Bullfinch, 698543 mE, 6569943 mN 
Bore depth 18 m 
Rainfall  ~300-350 mm 
Land use    Cropping/pasture 
Landform   Middle slope 
Comment  
Watertable with short-term declining trend associated with 2000 flood.  
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5. Discussion and conclusions 
Depicted groundwater trends are a fair illustration of each hydrozone, as they are based on 
broad network coverage across various landscape positions, and allow for consideration of 
atypical rainfall events.  Local influences such as preferred pathways and dolerite dykes 
undoubtedly affect groundwater behaviour, but at the relevant reporting scale become 
anomalies rather than representative cases.  
5.1 Groundwater rise processes 
Groundwater rise in zones does not show any obvious spatial association with geological 
mapping performed at 1:250,000 scale by the Geological Survey of Western Australia. 
Geological features such as bedrock highs, faults, and dykes are well known to have a role in 
groundwater flow (Engel et al. 1987; Lewis 1991) however mineralogical, textural and 
metamorphic properties cannot be proven to have any effect on the bores at this scale. 
Therefore, inferences made between rates of rise and available geological mapping are 
subject to too many variables to merit further discussion. 
The following rising trends have been observed: 
• Sustained rise of deep watertables without seasonality expression - all zones 
• Sustained rise of deep watertables with seasonality expression - all zones 
• Rises associated with seasonality in shallow watertables - all zones 
• Episodic recharge rise - mainly 258b and 258d, and possibly zone 261 
• Recharge from perched aquifers producing rises in deep aquifers - mainly 258c and 
possibly 255. 
The following falling trends have been observed: 
• Falls associated with seasonality in shallow watertables - all zones 
• Dry weather /reduced recharge induced watertable falls - all zones 
• Intermediate depth watertable falls or net static behaviour of groundwater near areas of 
active discharge - mainly zones 253, 256, and possibly 255 
• Perched aquifer losses due to surface discharge or recharge losses to deep aquifer - 
mainly zone 258c and possibly 253 and 255. 
Where watertables are deep (>8 m below ground level) rates of rise are likely to continue 
unabated towards a groundwater equilibrium unless management takes effect or several 
years of dry weather occur. This deep watertable behaviour is representative of overall 
groundwater trends as it is separated from shallow effects and displayed in many bores.  
Below 5 to 8 m, groundwater does not show seasonality and behaves in a consistently 
increasing monotonic (unvarying) manner, except where deep permeable profiles exist (e.g. 
Westdale, Tammin). This is a direct consequence of unsaturated regolith profile thickness 
and moisture retention. Furthermore, this range where groundwater response differs so 
markedly is inferred to be the densest zone of preferred pathways, created by the roots of 
pre-clearing vegetation. Sharma (1984) found water extraction patterns that suggested 
eucalypts extracted water from depths to 6 m, supporting the concept that direct and rapid 
access of infiltration to watertables is restricted beyond this depth.  A later study (Ruprecht & 
Schofield 1990) established that significant variations in soil water content were generally 
restricted to 6 m, with some evidence of preferential flow to 9 m. 
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Significant piezometric responses often do not register following major rainfall events 
because the upper profile is able to absorb and retain the recharge pulse, releasing it upon 
further saturation over a longer period (i.e. unsaturated flow). In the unsaturated profile, when 
moisture potential nears the specific retention, gravity potential may dominate allowing 
gravity flow through interconnected pore spaces that are filled with water (Fetter 1988). This 
slow infiltration and solubilisation of salts is confirmed by long delays between rainfall and 
groundwater response as well as elevated groundwater EC where recharge forms deep 
watertables. 
Watertables between 0 and 5 m show seasonality though have been declining due to aquifer 
discharge and less recharge in recent years. This is the mode of behaviour of the main 
broadacre recharge reduction tools at our disposal - herbaceous and woody perennials. Of 
course, all salinity management options only affect local areas unless adopted at a 
sufficiently broad scale.  
Shallow and deep groundwaters in valleys (local and regional systems) across all zones are 
often quick to fall during extended dry periods, with watertable declines observed within a 
few months of dry period onset. Aquifer drainage and significantly less local rainfall and 
surface water inundation recharge are primarily responsible for this. This lends support to 
valley salinity being strongly influenced by surface water management. In some valleys 
piezometric heads in both shallow and deep groundwater are synchronised, indicating good 
vertical hydraulic connection is present, often through sandy sediments. 
Episodic recharge not only affects the interior of the south-west (zones 258d and 261) but 
also areas further north and west (e.g. Koorda, zone 258b). 
The salinity of valley floor groundwater systems is often less than 500 mS/m in the 
westernmost zones (253 and 255), increasing to 500-1000 mS/m in zones 256 and 257.  
In the central and eastern zones (250 258b, 258c, 258d, and 259), valley floor groundwater 
salinity can rise to around 4000-5000 mS/m although in some tributary valleys that derive 
their recharge from nearby sandy slopes, it may be as low as 1500–2000 mS/m. 
Fresh or brackish groundwater that may be suitable for farm use can be found in the western 
zones (253 and 255) and some tributary valleys of the east, particularly zone 258c. 
Acid groundwater is highly prevalent across the entire wheatbelt (see Appendix 1). 
5.2 Hydrozone classification 
The purpose of hydrozone delineation is to be able to comment on spatial and temporal 
groundwater trends. The initial method of hydrozone classification, although well considered, 
does not appear to be spatially tied to groundwater response. Regolith geology homogeneity 
and the vastly greater volumes of recharge than discharge produce similar long-term regional 
scale groundwater trends. This is because surface hydrology components such as soil type, 
run-off, evaporation and evapotranspiration affect only short-term variations. Long-term 
trends are the result of clearing, the major common denominator across the hydrozones. 
Groundwater trends and responses are strongly influenced by depth to groundwater, even 
across rainfall and landscape zones. The unsaturated regolith profile acts as an intermediary 
between climatic/surface conditions and groundwater response. This relationship becomes 
considerably more complex when depth and the effects of local-scale regolith heterogeneity 
are applied (e.g. preferred pathways, dykes, silcretes, soil variation, aquifer development). 
Lewis (2000) also recognised groundwater depth as a factor affecting episodic recharge, and 
that this recharge mechanism was not restricted to particular regolith, bedrock or landscape 
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conditions, but can occur under most areas. Lewis found that episodicity changed from one 
part of a landscape to another, reflecting depth to groundwater.  
Based on the groundwater trends and processes identified, it becomes clear that a 
landscape classification similar to that described by Mulcahy (1967) would be a less detailed 
but more reliable way to spatially report groundwater response and processes. Electrical 
conductivity and pH, although not indicative of groundwater responses, indicate groundwater 
processes within the new classification.  Early estimates of future groundwater trends can be 
based upon depth to groundwater and groundwater process indicators using historical data 
from similar sites contained within this report or elsewhere. Mulcahy’s classification 
segregates landscape type based on drainage and regolith attributes, and was also used by 
Lantzke (1992) for describing the soils of the Northam Advisory District.  
The following regrouped hydrozones serve as an improved way to report groundwater trends 
(Figure 3).  Despite scarce data for zones 255, 257, 259, and 261, these have been included 
in the regrouping until better judgment can be made. Rates of rise and groundwater 
parameters presented below are derived from the suite of bores deemed representative of 
monitored groundwater systems.  Based on hydrological attributes that have been 
recognised in one or more instances, the following landscape grouping is suggested for any 
future groundwater trend reporting; 
1. Internal Drainage Zone - IDZ (combined zones 250, 258d, and 261) 
- ~300-350 mm rainfall (400 mm in south) and less response to seasonal rainfall;  
- episodic recharge, when it occurs, is often pronounced due to deluge rainfall events, 
recharge storage in deep regolith profiles and low discharge rates;  
- high regolith salt stores and saline to hypersaline groundwaters;  
- slow discharge from deep aquifer except when close to salt lakes; 
- long distances between recharge and discharge (predominantly local groundwater 
systems but increasing occurrence of intermediate systems);  
- heavy textured soils and low topographic/groundwater gradients; 
- large volumes of run-off resulting in recharge due to inundation; and 
- acid groundwater prevalence in lower landscapes, including valley floors in middle-
upper catchment areas. 
Rising trends mostly range between 0.12 and 0.53 m/yr and are found in middle to upper 
slope areas. On average, rates of rise can be estimated about 0.15 to 0.30 m/yr. Rates of 
rise are greater in this zone because most rainfall infiltration is stored indefinitely until 
moisture potential is great enough for gravity flows to develop. 
Disregarding localised perched aquifer processes, slowly rising, static or falling trends occur 
in middle to lower slopes at 0.07 to -0.44 m/yr. Falling trends that were measured are mainly 
due to dry weather and not likely to reduce the risk of salinisation over the long-term. 
2. Transitional Drainage Zone - TDZ (combined zones 258b, 258c, and 259) 
- ~300-350 mm rainfall;  
- moderate to high regolith salt stores and brackish to saline groundwater;  
- widespread recharging of deep aquifers by leaking perched aquifers;  
- permeable soils, moderate topographic/groundwater gradients, and shallower regolith 
than the IDZ; and 
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- acid groundwater located in some salt lake and palaeochannel areas but rarely 
extending into middle-upper catchment areas. 
Rising trends range between 0.19 and 0.35 m/yr and are found in middle to upper slope 
areas. On average, rates of rise can be estimated as about 0.15 to 0.25 m/yr.  
Discounting localised perched aquifer processes, slow rising or static trends occur in 
middle to lower slopes at a rate of around 0.05 to 0.10 m/yr. Long-term falling trends are 
uncommon as rainfall levels are relatively consistent in this zone. Baseflow discharge and 
sandplain seepages may account for the slightly lower rates of rise compared to the IDZ. 
3. Active Drainage Zone - ADZ (combined zones 253, 255, 256, and 257) 
- ~350-600 mm rainfall often with pronounced seasonal response;  
- low salt stores and mostly brackish groundwater;  
- active discharge from perched and some deep aquifers associated with dense 
drainage system (zone 253);  
- short distances between recharge and discharge (local groundwater systems); 
- permeable soils, high topographic/groundwater gradients and shallow regolith, 
particularly on upper slopes where outcrops are common; 
- acid groundwater is prevalent in all landscape positions downslope of mafic dykes. 
Data for rates of rise in the far west of this zone are not available, though the area has a 
low risk of salinity because of high hydraulic gradients, low salt stores and active 
groundwater discharge from saprock aquifers.  
Field evidence for the ADZ suggests rapid recharge/discharge processes occur each 
season. Rising trends in the central/east of this zone range between 0.16 and 0.35 m/yr 
and are found in middle to upper slope areas. Generally, rates of rise can be estimated 
around 0.15 to 0.25 m/yr, except in the far west where data is unavailable.  
Discounting localised perched aquifer processes, slow rising, static or falling trends occur in 
middle to lower slopes at a rate of around 0.05 to -0.09 m/yr. Long-term falling trends are 
uncommon as rainfall levels are relatively consistent. As with the TDZ, baseflow discharge 
and seepages may account for the slightly lower rates of rise compared to inland areas. 
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Figure 3. Regrouped hydrozones based on groundwater trends and processes 
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5.3 Implications for management 
Trends exhibited thus far are likely to continue without major intervention through plant-
based recharge reduction, surface water management and/or engineering intervention. 
Salinity risk of arable land is predominantly in the eastern wheatbelt in valley floors and lower 
slopes (Table 1).  Large tracts of valley floor are still productive for traditional agriculture but 
have saline watertables within several metres of the surface that are rising.  Western 
wheatbelt areas that are at likely risk of salinity generally already feature some level of 
intermittent waterlogging and/or salinity. Western zones have the greatest need for urgency 
based on time to effective discharge equilibrium (after 2010 and before 2030; George and 
Kingwell 2003) whilst eastern zones, due to greater pre-clearing depth to groundwater, have 
less urgency rating (after 2030 and before 2075). Despite experiencing climatic extremes in 
recent years, where long-term groundwater monitoring data exists, the risk of further 
salinisation remains evident. 
Table 1. Salinity risk in Avon River Basin Natural Resource Management Region by 
hydrozone (Land Monitor). Land risk of salinity not based on time to equilibrium.  
Area of 
agricultural land 
Land presently 
saline 
Land at risk of future 
salinity  Hydrozone 
code* 
(ha) (ha) % (ha) % 
250 1,604,000 98,200 6.1 399,000 24.9 
253 148,000 2,700 1.8 23,900 16.1 
256 813,000 47,000 5.8 194,700 23.9 
257 163,000 5,300 3.3 33,400 20.5 
258b 687,000 34,700 5.1 208,600 30.4 
258c 1,326,000 111,800 8.4 430,900 32.5 
258d 1,794,000 49,500 2.8 553,300 30.8 
259 661,000 35,900 5.4 123,200 18.6 
261 189,000 3,200 1.7 60,000 31.7 
TOTAL 7,385,000 388,300 5.3 2,027,000 27.4 
Some groundwater rise management considerations that have been identified in this report 
include; 
- Surface water management is needed to reduce waterlogging in western zones, and to 
reduce salinisation due to inundation in other zones (e.g. IDZ). In recent years, the most 
rapid expansion of salinity in the TDZ and IDZ occurred post-2000 flooding. Upward 
mobilisation of salts to the surface via evaporation resulted from the establishment of 
hydraulic connection between the soil surface and underlying shallow saline watertables. 
- Local treatments are likely to be successful in the ADZ and TDZ for managing local 
groundwater systems. 
- Perched aquifers and fresh-brackish resources in ADZ and particularly TDZ are under-
utilised. As described by George and Conacher (1993) these perched aquifers can be 
observed recharging deep groundwater. 
- Growing herbaceous or woody perennials in phases of at least 2-3 years would be 
required to have any impact on deep groundwater trends. Deep groundwater systems 
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greater than around 20 m in depth that showed limited effects from single dry years do 
respond to longer periods of low recharge. 
- Large scale, deep-rooted revegetation on upper slopes will reduce groundwater recharge 
and have downstream benefits in all zones. Rainfall that results in deep aquifer recharge 
is often subject to long delays between event and aquifer response. In areas where 
regolith profiles have significant thickness of unsaturated profile, several large recharge 
pulses are required to reach a saturation point where deep aquifer recharge would occur 
within a matter of months. If these recharge pulses do not occur one after the other, 
profile moisture retention and discontinuous saturation of the vertical profile means that 
stored recharge may not contribute to aquifers until much later in time. 
- Areas across all three zones that display sustained groundwater rise are discharging 
groundwater but at very low rates (e.g. Yalanbee, Hyden, Skeleton Rocks). Multiple years 
of low or nil recharge are required to affect these systems, and recharge rates are many 
times higher than discharge rates. 
- Management options could be installed at groundwater monitoring networks allowing 
treatment efficacy for that particular landscape to be measured and reported. 
5.4 Future monitoring  
Infill networks in zones 257 and 259 are a priority and need to be established to further 
support the regrouping of hydrozones.  Zone 255 has steep topography and active discharge 
to drainage systems therefore any bores are of lesser priority. With better understanding of 
groundwater behaviour in the CAR and good site selection, the number of bore nests 
required to infill these zones would in the order of one or two dozen. These bores are 
required in the central/north of zone 257 and the north and west of zone 259, with field site 
selection to be conducted in the near future. 
In some networks where groundwater behaviour is better understood, and where finances 
dictate, the number of monitored bores may be reduced leaving only selected bores in the 
landscape to be monitored more frequently or by using data loggers.  
Automated monitoring trials are also planned using small, relatively inexpensive radio 
transmitters and pressure transducers installed at selected sites.  Real time static water level 
data could then be transmitted directly to offices for further analysis. 
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APPENDIX  Acid groundwater distribution 
Acid groundwater (pH <4) is common in the WA wheatbelt (Mulcahy 1967, Mazor and 
George 1992), being present in around 20% of bores monitored in the Central Agricultural 
Region (CAR).  Owing to this prevalence, and the on-going debate about deep drainage and 
disposal of groundwater, this section is included to highlight the problems that will need to be 
overcome when dealing with groundwater in the CAR. 
Monitoring shows that acid groundwater tends to occur in two main areas (Figure A1). 
Eastern wheatbelt areas (IDZ and eastern TDZ) show broad distribution in valley 
groundwater systems, particularly near salt lakes. This acidity is often difficult to identify 
visually at the land surface. Deep and shallow groundwater systems both appear affected 
and the proportion of bores with acidity is high in the total number of bores in the area. 
Lowest recorded pH measurements were encountered near the Kulin and Hyden salt lakes, 
at around pH 1.4 and 1.8, respectively.  Western wheatbelt (ADZ and western TDZ) acid 
groundwater is readily identifiable in the field (Figure 2) and occurs as small hillside seeps 
that are very widespread.  Westrup (unpublished) recognised an association with dolerite 
dykes and this field association is confirmed at dozens of sites with acid seepages always 
immediately downslope of mafic (dolerite/gabbro) dykes. The lowest recorded pH was in the 
Westdale area (pH 2.3). Western wheatbelt seepages show distinct surface features (Figures 
A3 and A4) and the indicator species spiny bush (Juncus acutus, Figure 5), appears best 
adapted to the shallow acid environment. 
Data collected in 1987 (George, unpublished) indicate that ferrolysis is the most likely 
process causing low pH in most wheatbelt groundwater. Ferrolysis is the oxidation and 
hydrolysis of dissolved Fe2+ (Mann 1983), which has been attributed to the acidification of 
groundwater at playa margin discharge zones in the eastern wheatbelt (McArthur et al. 
1991). The process typically leads to the precipitation of red/brown insoluble iron oxides at 
the soil surface. In western wheatbelt areas, groundwater becomes enriched in ferrous iron 
close to mafic dykes, resulting in acidity via ferrolysis upon discharge at the ground surface. 
The extent to which the acid-generating transformation of sulfides (primary or secondary) to 
sulfate occurs in the eastern wheatbelt is unknown, and this process may not have 
contributed to acid generation in recent geological time.  This conclusion was reached after 
analysing geochemical data, which determined that chloride (Cl) to sulfate (SO4) molar ratios 
of all acid groundwaters were upwards of 25.  This contrasts with the Cl:SO4 ratios of both 
rainfall and groundwater subjected to previous sulfide oxidation, respectively 7 and less  
than 2.  This latter value suggests an additional source of sulfate from previous sulfide 
oxidation (WRC and DEP 2002).  
Calculated ratios suggest that sulfate levels, despite being in high absolute concentration, 
are depleted relative to chloride in acid groundwaters. Analysis of an upper landscape acid 
seepage in the western wheatbelt reveals that acidity has been caused during or following 
groundwater flow through chloride-rich rocks, which in this case represent weathered 
saprolite that is generally devoid of all primary minerals except quartz. However, as observed 
from drilling near Wandering (Ghauri 2002), very small quantities (~5%) of primary minerals 
such as plagioclase and biotite can be preserved in tight rock fabrics within the largely 
oxidised saprolite zone. Any significant quantities of pyrite may be sufficient enough to 
generate sulfuric acid by infiltrating oxic waters.  
The ‘Westdale’ acid seep (Figure 6) lies 45 km west of Brookton and is one of several large 
seeps identified in the western wheatbelt. It covers around 10 hectares and has the field 
requisites of the many smaller acid seeps. Hydrogen sulfide gas and the presence of 
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monosulfides are unique to this site, suggesting that inland acid sulfate soils can form but on 
a very local scale. In this instance, highly reducing conditions caused by anaerobic decay of 
waterlogged organics provide a micro-environment suitable for pyrite formation. Geochemical 
data is inconclusive as to the source of sulfur (primary or secondary) however collaborative 
work between Curtin University of Technology and the Department of Agriculture is currently 
characterising the mineralogy of the site. This will assist in establishing the causes and 
broader implications of acid seepages in the wheatbelt. 
 
Figure A1. Acid groundwater locations (bores) in the Avon River Basin 
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Figure A2.  Small section of acid groundwater seep at Wooroloo, 30 km south-west of 
Northam (860 mS/m and pH 3.5). 
 
Figure A3.  Distinctive surface weathering seen at acid seeps that erode into underlying grey 
clay subsoils (10 hectare seep at Mistake Creek, 10 km south-west of Northam 
(2800-3400 mS/m and pH 2.8-3.9) 
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Figure A4. Soil colouration, weathered and fresh mafic rock fragments found at acid seeps 
that have not eroded into grey clay subsoils (Mistake Creek) 
 
Figure A5. Spiny rush can be used as an indicator species for identifying acid seeps  
(Mistake Creek) 
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Figure A6. Acid groundwater seep at Westdale (Electrical conductivity of 900-2000 mS/m 
and pH 2.3-4.0) 
Acid groundwater in the eastern wheatbelt away from salt lakes, not associated with reduced 
conditions and organic matter, and/or too deep for active ferrolysis to be responsible has also 
been identified (Figure 7). Its presence may be explained through one or a combination of 
the following: 
1) density driven reflux of acidified brines, with acidity possibly maintained due to the 
exhaustion of buffering agents in the immediate vicinity;  
2) acid diffusion in groundwater, from higher concentrations near playas to relatively lower 
concentrations remote from playas; or 
3) residual acidity that has been preserved within valley groundwater systems from rock 
weathering or degradation of organic deposits that have long since been exhausted. This 
style of acid generation would be analogous to the process currently occurring in the 
western wheatbelt, and also explains some spatial irregularities in the distribution of 
acidic groundwater. 
Encroachment of acid saline water to the near surface environment is a consequence of 
rising watertables, whether drainage occurs or not.  Seeps in the western wheatbelt 
discharge acid and brackish-saline 'baseflow', though net loads are arguably no different, 
whether they are artificially drained or not. These western seeps have been water 
accumulating locations and impacts of acidity have become more apparent following clearing 
and seep expansion.  
Winter baseflow has been measured to be acidic along major drainage lines of the Eastern 
Darling Range during 2003.  Eastern wheatbelt acid groundwater is essentially contained to 
already degraded drainage lines unless artificially brought to the surface and disposed of 
without proper consideration of downstream impacts.  
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Relationship between groundwater depth and pH
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Figure A7. Depth of groundwater and pH influence on 76 bores in the Avon River Basin 
Corrosive acid groundwater can damage ecosystems and infrastructure, depending on 
concentration and the time over which the water remains unbuffered. Acid groundwaters are 
typically saline to hypersaline, and may also contain ions (e.g. aluminium, lead, copper, 
cadmium, manganese and other heavy metals and radionuclides) that could pose a public 
health or environmental threat.  Impacts related to poorly managed discharge of acid 
groundwater may become more apparent as the adoption of groundwater drainage and 
pumping practices increases.  
Detail on the impacts, chemical and physical management options currently available, and 
effectiveness of those options can be found in Galloway (2004). 
